These groups manage complementary ongoing programs and frequently discover new plants in the wild. Microsatellite markers are useful to genotype these new discoveries, to identify the plants as naturally occurring or simply garden discards or escapes, and therefore of less use for restoration activities. The rapidity of next-generation discovery of microsatellite markers ( Abdelkrim et al., 2009 ; Zalapa et al., 2012 ) lends itself to applications such as this.
METHODS AND RESULTS
Leaf material was sourced from a cultivated plant of C. puniceus (Landcare Research Allan Herbarium accession no. CHR559142), and total genomic DNA was extracted using a DNeasy Plant Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions. The resulting extraction was adjusted to a concentration of 20 ng/ μ L in dH 2 O, as determined via Spectrophotometer (Shimazdu, Kyoto, Japan), and used to create a shotgun Multiplex Identifi er (MID) library on a Roche 454 Jr. Genome Sequencer (Roche, Basel, Switzerland) using Roche Titanium chemistry ( Margulies et al., 2005 ) . The sequencing run resulted in 83,643 reads (average read length 461 bp) for a total yield of 34.6 Mb of sequence.
The library was searched using MSATCOMMANDER ( Faircloth, 2008 ) for di-to hexanucleotide repeat regions with at least fi ve repeat units, and fl anked by appropriate regions for primer design. Primers were designed via the default settings of Primer3 ( Rozen and Skaletsky, 2000 ) as implemented in MSATCOMMANDER with the following user specifi cations: amplifi cation regions of 100-500 bp, an optimal oligonucleotide melting temperature range of 57-62 ° C, GC content range of 20-80% with an optimum rate of 50%, low levels of self-or pair-complementarity, and a maximum end-stability ( G) of 8.0 ( Faircloth, 2008 ) . We chose 48 primer pairs for screening, using an M13 tag (CACGACGTTGTAAAACGAC) on the 5 ′ end of the forward primer for subsequent fl uorescent labeling.
The 48 primer pairs were tested on a single representative of C. puniceus and for cross amplifi cation in seven individuals of C. maximus ( Table 1 ) • Premise of the study: Microsatellite markers were developed for Clianthus puniceus using a shotgun sequencing library and tested for cross amplifi cation in the closely related C. maximus to inform population management of these two endangered species. • Methods and Results: We constructed a shotgun sequencing library using a Roche 454 sequencer and searched the resulting data set for putative microsatellite regions. We optimized 12 of these regions to produce polymorphic markers for Clianthus. We tested these markers on four populations of C. maximus and on four C. puniceus individuals of known provenance. Alleles per locus ranged from two to nine, while observed and expected heterozygosities per locus ranged from 0.000 to 1.000 and 0.178 to 0.600, respectively. • Conclusions: These markers will be valuable for ongoing monitoring of the genetic variation in naturally occurring populations of Clianthus and for the selection of individuals for revegetation projects in the species' former range.
PET) to allow coloading of PCR products when genotyping, and omitting the M13 tail. PCR conditions were optimized as follows: initial denaturation of 95 ° C for 4 min followed by 35 cycles of 94 ° C for 30 s, 58 ° C, or 63 ° C (see Table 1 ) for 30 s, and 72 ° C for 45 s, and a fi nal extension at 72 ° C for 10 min. These primers were then tested on a total of 49 individuals from four populations of C. maximus , representing the majority of wild extant plants, and four individuals of C. puniceus ( Table 2 , Appendix 1). Due to the size and critically endangered status of these plants, voucher specimens were not prepared as this would have been overly destructive. The numbers of alleles and observed ( H o ) and expected ( H e ) heterozygosities for each population of C. maximus were estimated using GenAlEx ( Peakall and Smouse, 2006 ) . H o and H e ranged from 0.000 to 1.000 and 0.178 to 0.600, respectively, while mean H o and H e across all loci and populations were 0.364 and 0.403. Alleles per locus ranged from two to nine, with an average of 5.5 ( Table 2 ) . We did not estimate population parameters separately for C. puniceus due to the uncertain number of extant wild-collected individuals as most material is from cultivated sources and likely not representative of the former wild distribution ( Song et al., 2008 ) .
All of the 12 loci tested produced polymorphic bands in C. maximus , and six of the 12 were polymorphic in C. puniceus . Of the four populations of C. maximus that were tested, all four had private alleles. No alleles were found in C. puniceus that were not present in at least one of the populations of C. maximus. . PCR conditions for M13-tagged primer testing were as follows: initial denaturation of 95 ° C for 4 min followed fi rst by 30 cycles of 94 ° C for 30 s, 56 ° C for 30 s, and 72 ° C for 45 s, then by eight cycles of 94 ° C for 30 s, 53 ° C for 30 s, and 72 ° C for 45 s, and a fi nal extension at 72 ° C for 10 min. One-microliter samples of the resulting amplifi ed DNAs were prepared by adding 9 μ L of Hi-Di formamide (Applied Biosystems, Carlsbad, California, USA) and 1 μ L of LIZ-labeled size standard (Applied Biosystems), before being separated on an ABI 3130xl Genetic Analyzer (Applied Biosystems) at the Landcare Research sequencing laboratory (Auckland, New Zealand). Fragments were sized and scored using GeneMapper version 3.7 (Applied Biosystems), and polymorphism and repeatability of each loci were assessed. Twelve of the 48 loci tested produced polymorphic fragments and no more than two alleles per individual. A further eight loci amplifi ed reliably but were either monomorphic or produced fi xed heterozygote genotypes for all screened individuals ( Table 1 ). The primers for the 12 polymorphic loci were then ordered labeled with different fl uorescent dyes (6-FAM, NED, VIC, or 
CONCLUSIONS
We developed 12 microsatellite markers for the critically endangered Clianthus spp. in New Zealand based on 454 sequencing of total genomic DNA. While polymorphic markers were readily found, departures between observed and expected heterozygosities and low number of alleles per locus indicate that these species have possibly had severe reductions in population size. This strongly correlates with the known decrease in the wild, including one of the species becoming extinct outside of cultivation. These markers will have good utility for management of existing populations, particularly the selection of plants for revegetation plantings to ensure minimal loss of the remaining genetic variation in these species. 
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